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Formula la 



Formula lb 



[wherein W is S or O; X is NH, S or O; Z is one or more phenyl or heterocyclyl rings (optionally substituted by 
d 6 alkyl halogen, hydroxy, alkoxy, nitro and trifluoromethyl) optionally separated by a spacing group (Y) n 
where Y is selected from CH 2 , 0, NH, S, S(O), S<0) 2 and n = 0 to 6; and R is hydrogen, a phenyl or heterocyclyl 
ring (optionally substituted by C^ alkyl, halogen, hydroxy, alkoxy, nitro and trifluoromethyl) optionally 
separated by a spacing group (Y) n where Y is selected from CH 2 , O, NH, S, S(O), S(0) 2 and n = 0 to 6, 
alternatively, R is of the form (Y) n COOH] 

inhibit the phosphopantetheine adenylyltransferase enzyme and may be used as antibacterial agents, eg to 
treat infections caused by gram positive organisms such as S. aureus. 
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COMPOUNDS AND THEIR THERAPEUTIC USE 



Field of the Invention 

This invention relates to compounds, and more specifically to azole or barbiturate analogues, and to their 
therapeutic use. 

Background to the Invention 

Several chemical classes of compound are known that possess considerable antibacterial activity, and these 
have proven of immense value in the treatment of bacterial diseases and infection. They include among 
others, the penicillins, the cephalosporins, the aminoglycoside antibiotics, vancomycin analogues and the 
sulfonamide drugs. 

The mechanism of action of a number of known antibiotics is by the direct inhibition of enzymes of 
essential bacterial biosynthetic pathways. These include, amongst others, trimethoprim and the 
sulfonamide drugs. 

An enzyme of the Coenzyme A biosynthetic pathway, phosphopantetheine adenylyltransferase (PP AT), has 
been shown to be essential for bacterial viability (WO/ 0017387) and a compound that could inhibit such an 
enzyme in vivo would be likely to be of use as an antibacterial agent. 

The compounds described in the invention are structurally distinct from previously prescribed antibiotics, 
and their mode of action is also dissimilar. 

Summary of the Invention 

This invention relates to compounds, and more specifically to azole or barbiturate analogues defined by 
Formula la and lb and to their therapeutic use. The compounds and their pharmaceutical^ acceptable salts 
are claimed as the active ingredients in medicines for the treatment of bacterial infection m man and 
animals. 
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Formula la Formula lb 



wherein W is S or O; X is NH, S or O; Z is one or more phenyl or heterocyclyl rings (optionally substituted 
by C,^ alkyl halogen, hydroxy, alkoxy, nitro and trifluoromethyl) optionally separated by a spacing group 
(Y)n where Y is selected from CH 2 , O, NH, S, S(0), S(Ph and n = 0 to 6; and R is hydrogen, a phenyl or 
heterocyclyl ring (optionally substituted by C,^ alkyl, halogen, hydroxy, alkoxy, nitro and trifluoromethyl) 
optionally separated by a spacing group (Y) n where Y is selected from CH 2 , O, NH, S, S(0), S(0)2and n - 
0 to 6, alternatively, R is of the form (Y^COOH. Compounds of the invention include salts thereof. 

Preferred compounds are where R is benzothiazole, m-chlorophenyl, p-(trifluoromethyl)benzyl, 
benzimidazole, hydrogen or CH 2 COOH, X is NH, S or O; W is S or O and Z-COOH is: 
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^Sst^^fi?^ ttJLeo. of bKteml ****** 

our antibacterial screens. 
Descriptio n nf the Invention 

or N and which may be bonded via any C or nng atom. 

th^t te s^STfore^le, by crystallisation, gas-liquid or liquid chromatography, 
complexes which may be cnantiomer-specific reagent, for example, 

selective reaction with one c ^^ u ^ 0 fo^^ b ^^ on rf^ e modified and unmodified 
enzymatic esterification, oxidation or reduction, louowea ^ m ^ m a bound chiral 

eZuo^;orgas» 

Ugand or in the presence of a ^^ 1 ^ ne ^ e b ^S P nKesses described above, at least one 
^^r^tSr^SSn^cfona Alternatively, specific 
further step will ^^^ y ^^^^c synthesis using optically active reagents, substrates, 
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When a compound of formula 1 or a salt thereof contains more than one chiral centre it may exist in 
diastereomeric forms. The diastereomeric pairs may be separated by methods known to those skilled in the 
art, for example, chromatography or crystallisation and the individual enantiomers within each pair may be 
separated as described above. The present invention includes each diastereomer of compounds of formula 
1 and mixtures thereof . 

Some compounds of formula 1 may exist in the form of solvates, for example, hydrates, which also fall 
within the scope of the present invention. 

The compounds of formula 1 may form organic or inorganic salts, for example, the compounds of formula 
1 may form addition salts with inorganic or organic acids, e.g. hydrochloric acid, hydrobromic acid, 
fumaric acid tartaric acid, citric acid, sulfuric acid, hydiodic acid, maleic acid acetic acid, succinic acid, 
benzoic acid! pamoic acid, palmitic acid, dodecanoic acid and acidic amino-acids such as glutamic acid. 
Such compounds of formula 1 may form base addition salts, for example, with alkali metal hydroxides e g. 
sodium hydroxide, with amino-acids e.g. lysine or arginine or with organic bases e.g. meglumaine. It will 
be appreciated that such salts, provided that they are pharmaceutical^ acceptable may be used in therapy m 
place of compounds of formula 1. Such salts are prepared by reacting the compound of formula 1 with a 
suitable acid or base in a conventional manner. Such salts may also exist in the form of solvates, for 
example, hydrates. The present invention includes each salt and any solvate thereof. 
Certain compounds of formula 1 or salts thereof may exist in more than one crystal form and the present 
invention includes each crystal form and mixtures thereof. 

"Pharmaceutically acceptable salts" are acid addition salts which can be prepared by any of the art 
recognised means. Typical acid addition salts include hydrochloride, hydrobromide, hydroiodide, sulphate, 
phosphate acetate, propionate, lactate, malate, succinate, tartrate, cyclohexanesulphamates, 
methanesiilphonates, ethanesulphonates, benzenesulphonates, toluenesulphonates, fumarates and other 
pharmaceutically acceptable counter ions for amines. 

The preferred procedure for preparing compounds of the invention comprises reacting a azole or barbiturate 
analogue of the formula 2a or 2b with an aldehyde of formula 3, wherein W, X, Z and R are as defined in 
previously The reaction can be carried out at a temperature range between -80 to 250 C, optionally in the 
presence of an acid, base or dehydrating agent, and optionally in the presence of an inert organic solvent. It 
is appreciated that work-up procedures may involve the use of an acid or base. 

In a preferred method, the reaction is carried out in boiling acetic anhydride as solvent, containing a 
catalytic amount of sodium acetate. 
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Formula 2a 



Formula 2b Formula 3 



The reactions described herein will be generally understood by one of ordinary skill in the art The starting 
materials are available or can readily be prepared by one of ordinary skill in the art 
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phannaceuticaUy acceptable diluent or earner 



Asu^hen^thetenn^^ 

phannaceuticaUy acceptable salts thereof .^^^^T ^SvagiiX or to the buccal cavity, to 
orally, rectally, parenterally, ^^^^^^s^ ofTpresent invention may take 
give a local and/or systemic effect. ™ u ^.^;^, lons fo r such methods of administration. The 
STform of any of the known phjunraceutical ^^ISmSSSlk^ art so as to give a controlled 
composmons may be formulated ^^^^^^^ds of the present invention, 
release, for example iqad: release : or su^amed Release ^oltne ^ wdl ]aaawa in the art of 

Pharmaceutically acceptable ^^.^^^^ST-Woby weight of active compound. The 
pharmacy. The compositions *^^ffZSS!S' dosage form. Preferably the unit dosage of 

excipients known in the pharmacist's art. 



or oily suspensions 



. _ .^^ nf the active compound with fillers such as lactose or calcium 

Tablets may be prepared f^SSH nS^SScating agents, for exanmle magnesium 
phosphate, dismtegratmg a f en ^^^^^ e p ^So^c7polyvinyl pyrrolidone and other optional 
^eaia^binders for example mioocrystaUine ^^^'^^'^^0^. The tablets may, if desired, 
ingredients loiown in the ^ope^t^leUng Jj^JjS^ £U using for example 
be coated using known methods and excipien^ vvmcu formulated m a manner known to those 

hydrnxypropylmethylcellulose pb**fe ^^^^o^SZ presem invention. Such tablets 



acetate phthalate 



^abo/added eacipieats, n»y be P-^^^^^^SSS^offlain 0. 1 to 1000 tag (*» 
^^iaaka™"*"* ^J^^^^STO^So^rfthe^compamd Obex 

vegetable oil, for example sunflower oil. 

may be iageaed atae* "» P 8 "" 1 " ^S^Sreimple a pbinaaoeatically acceptable 



liquid medium. 



pj^aaicall. aeaive compoand nay be *si«asedn L iSSeiomieStai topical vehicle such as 
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may be prepared by mixing the active compound with a topical vehicle such as a mineral oil, petrolatum 
and/or a wax e. g. paraffin wax or beeswax. A gel may be prepared by mixing the active compound with a 
topical vehicle comprising a gelling agent e.g. basified Carbomer BP, in the presence of water. Topically 
admirustrable compositions may also comprise a matrix in which the pharmaceutically active compounds 
of the present invention are dispersed so that the compounds are held in contact with the skin in order to 
administer the compounds transdermal^. A suitable transdermal composition may be prepared by mixing 
the pharmaceutically active compound with a topical vehicle, such as described above, together with a 
potential transdermal accelerate such as dimethyl sulphoxide or propylene glycol. 

Compositions of the invention suitable for rectal administration are known phannaceutical forms for such 
administration^ for example suppositories with hard fat, synthetic glycerides or polyethylene glycol bases. 

Compositions of the invention suitable for parenteral administration are known pharmaceutical forms for 
such administration, for example sterile suspensions or sterile solutions in a suitable solvent. 

Compositions of the invention suitable for inhalation via the mouth and/or the nose are the known 
pharmaceutical forms for such administration, for example aerosols, nebulised solutions or powders. 
Metered dose systems, known to those skilled in the art, may be used. 

Compositions suitable for application to the buccal cavity include slow dissolving tablets, troches, chewing 
gum, gels, pastes, powders, mouthwashes or rinses. 

The compounds of the present invention may also be administered by continuous infusion either from an 
external source, for example by intravenous infusion, or from a source of the compound placed within the 
body internal sources include implanted reservoirs containing the compound to be infused which is 
continuously released for example by osmosis and implants which may be a) liquid such as an oily solution 
or suspension of the compound to be infused for example in the form of a very sparingly water-soluble 
derivative such as a dodecanoate salt or b) solid in the form of an implanted support for example of a 
synthetic resin of waxy material for the compound to be infused. The support may be a single body 
containing all the compound or a series of several bodies each containing part of the compound to be 
delivered. 

In some formulations it may be beneficial to use the compounds of the present invention in the form of 
particles of very small size, for example as obtained by fluid energy milling. 

The following examples illustrate the invention. The intermediates illustrate the preparation of precursors. 
Where intermediates are novel, they also form part of the patent. 



Intermediate L 3-f Q-Fomvlphenoxvlmethvllbenzoic acid 

To a suspension of 60% sodium hydride in paraffin (2.4 g, 60 mmol) in DMF (15 mL) was added a solution 
of 3-hydroxybenzaldehyde (3.65 g , 30 mmol) in DMF (15 mL) with effervescence, followed by a solution 
of 3-(chloromethyl)benzoic acid (5.4 g, 32 mmol) in DMF (15 mL) with effervescence, and the mixture 
stirred overnight Water (50 mL) was added and the mixture washed with ethyl acetate (50 mL) to remove 
the paraffin. The aqueous layer was made acidic with 2M hydrochloric acid (50 mL) and extracted with 
ethyl acetate (50 mL). The organic layer was washed with brine (2 x 25 mL), then evaporated, to give 
3-[(3-formylphenoxy)methyl]benzoic acid (7.4 g, 96% yield), 
m/z 279(M+Na), 255(M-H). 

Intermediate 2. 3^S-Fonmvlthiophe n-2-vnbenzoic acid 

To a degassed solution of 5-formylthiophene-2-boronic acid (1.56 g, 10 mmol), 3-bromobenzoic acid (2.0 
g, 10 mmol) and sodium acetate (4.0 g, 30 mmol) in 50% aqueous propan-l-ol (20 mL) was added Pd 
(PPh 3 ) 4 (1,3 g), the mixture degassed then heated to reflux overnight under nitrogen. The mixture was 
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IteLm. «as *■? ^"KESSd Cli mL) and edited »th eflffl ac«ae 

KS-fonnylthioph^-yOb'^ 2010 acid (1.1 g. 53 /• yield), 
m/z 233 (M+H), 231 (M-H). 

lntr -^.,;^ t ,W5-F fl miYlf..rt .n-?-Yl)he m oic acid 

3-(5-Forn.lf^^ 

acid according to the method for Intermediate 2. 

m/z 217 (M+H), 215 (M-H). 

Tn1 4. *■« ^ ^^n-2-vn-7-hydrt>xyhenzoicaci d 

. ith'rtnhen 2 viy2-hydroxybenzoic acid was prepared from 5-forrnylfuran-2-boroxuc acid and 

ml* 249 (liH-H), 247 <M-H>. 
yield). 

m/z 250 (M+H), 248 (M-H). 

, ^ ate 6.6. ^ - Form Ylfara°-2-Y^)"^^ 

^(S-Forniylfhran^yltmo)^ 

foridriSfc according to the method for Intermediate 5. 

m/z 250 (M+H), 248 (M-H). 

r^,,. Procc^-— Preoption of Examples. 

d^ed«r,ttesoUdcoU^»»sl^^^ 
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Procedure for determining concentration of compound necessary to reduce the measured enzymatic 
StToTpnos^opantctheine adenylyltransferase to half its control actmty (ICso) 

^ . . _ .., ~„ t of a comoound on PPAT can be measured by detenmning the difference in the 

catalysed by PPAT is the transfer of the adenosine monophosphate moiety of ATP to 4 P^ no PJ™* uc 
S^m^alogue thereof, generating the products dephosphoCoenzyme A, or an analogue thereof, and 
inorganic pyrophosphate. 

^ \t * k *\A c«i /ttq a\ logo- «o 4884 - 4887 there is described an assay for the 

SSS5e1^S>S^)- Pl»^ ™ f<^ » cleave ^ ou.^ m a «»<»™ 

nLo^ratSglnorg^c pyrophosphatase in the assay to generate inorganic phosphate which can then be 
assayed as described above. 

fn^gaSon til ^o^ulphSe (1.38 g/20 ml) is added to ^^.^^ 
ST The resulting precipitate is collected by centrifugauon, re-dissolved in Buffer 1 and dialysed 

T^aly^supematant is then applied to a HiLoad™ Q (Amersham Ph^c^B^tech^on^change 
f^TwATk eluted bv aralying a gradient of NaCl (from 0 M to 1 M in Buffer 1. Fractions 

^^ItS^^^^^ ***** is added * ^ C °^° n ° f 12 

w «»* e -Lkm to a HiLoad™ Phenvl-Sepharose (Amersham Pharmacia Biotech) 

htd^phot:^^ - * a d TTf h ^S° m 

12Mh? 6 ^of^onium sulphate. Fractions containing PPAT actmty are combined then <^<* 

ag^mst 20 mM citrate buffer pH 5.5 containing 5 mM dithiothxeitol (Buffer - 2). The ™ heA 

toTsephacryl™ S-100 gel nitration column (Amersham Pharmacia Biotech) and eluted m Buffer 2. 

Fractions containing PPAT activity are dialysed into Buffer 1 for storage. 

^w^^topanKteine (100 (jM) and ATP was also pr«™a i» the "»* ?» 

concLndka. oflM ^ It present, fl* compound was added as a DMSO solution, so that the fiaal 
DMSO concentration is l%v/v. 

Phosphate release was measured using the spectrophotometric assay as disclosed in Webb, vide supra. 

The inhibtto^eS a^coSound can be described by an IC* value, that is the concentration of inhibitor 
nuSTof the maximal (100%) inhibition occur, IC^ values were^d^nmedby 
measuring the extent of inhibition over a range of concentrations of the compound, a ran^e 

degree of inhibition varied from no inhibition (0%) to complete inhibition (100»/£ The^ 
value^canbe equated from a plot of % inhibition against concentrahon of inhibitor, or can be calculated 
using data fitting programs, such Grafit (Elsevier) or EnzFitter (Biosoft). 



BNSOOCIO <GB 2386892A_I_> 



9 



Results of IC« determinations 



Example 


Staphylococcus aureus PPATlCso (MJWL) 
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Claims 

I A compound, for therapeutic use, of Formula 1 

O 

XOOH 



3. 




R-N 
W 



O 

W A. X A 0 



.COOH 



Formula la 



Formula lb 



substituted by alkyl, halogen, hydroxy,; ' ™» Q S (0) 2 and n - 0 to 6; and 

by a spacing group OOn ^I^^^^on^bsdS by A, alkyl, haloge* 

(Y) n COOH. 

A compound of claim 1, independent of use, excluding : 
3<5-<(EH3^Mor^ 



A compound of claim 1 where R is benzothiazole, m-chlorophenyl, HtnnuommethyOhenzyi, 
^dazole, hydrogen or CH.COOH; X is NH, S or O; W is S or O and Z = phenyl, duophene 
Meetly bound to phenyl, furan directly bound to phenyl, furanSph or phOCH 2 ph. 
A compound of claim 1, selected from . 
3«ZH3-(lH4*r^d^ 

yUd^e)mrthyl]phenoxy}methyl)benzoicacid 
3. l(3 . {( EHK3^orophenylM,6Khox^2-tMoxotetrahydr^^ 

ylidene]methyl}phenoxy)metbyl]ben2oic acid 

vlidene]methyl}thien-2-yl)benzoicacid 
H5-{<mi^Moroph^^ 

acid -j 
3- { (Z)-[3-(l 3 *enzo*iazoi-2-yD^^ *** 
2<<5-l(ZM4^xo-2-^^ 

2 «5- [( 2 4,6-trioxotetrabyd^ ^ 
2< { 5-[(ZM5^xo-2^1noxoinu^^ ■ Hd 
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2-({5-[(4,6^oxo-2-thioxotctrahydropyrimidin-5(2H)-ylidene)i^ 

2- ({5-[(ZM2,4^oxo-l,3-thiazofc 

5- (5-{(Z)-[3-(cariJOxymethyl)^K)xo-2-tMoxo-l,3-thia2olidm 
hydroxybenzoic acid 

6- [(5_{(Z)-[3Kcaiboxymet^ 
furyl)thio]nicotinic acid 

6^{5-[(ZM4K>xo-2~thioxo-l,3K>xazoli^ acid 

3- [5<(Z)-{4K>xo-2-thioxo-3-[4-(t^ 
furyl] benzoic acid 

A procedure for preparing compounds of the invention comprising the reaction of a azole or 
barbiturate analogue of the formula 2a or 2b with an aldehyde of formula 3, wherein W, X, Z and 
R are as defined previously, preferably in boiling acetic anhydride as solvent, containing a 
catalytic amount of sodium acetate. 




Formula 2a Formula 2b Formula 3 

A pharmaceutical composition comprising as an active ingredient a compound of any preceding 
claim, together with a carrier or diluent 

Use of a compound of any of claims 1 to 4, for the manufacture of a medicament for the treatment 
of a bacterial infection. 

The use of claim 7, wherein the infection is caused by a gram positive organism. 
The use of claim 8, wherein the organism is S. aureus. 
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